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A METHOD OF PRETREATING AND CONVERTING HYDROCARBONS 

Field of the Invention 

The invention relates to a method of pretreating a hydrocarbon steam cracker feed 

	

5 	and a method for steam cracking hydrocarbons. 

Background of the Invention  

Conventionally, ethylene and propylene are produced via steam cracking of 

paraffinic feedstocks including ethane, propane, naphtha and hydrowax. 

European patent application publication 0 697 455 describes the fouling of the 

	

10 	transfer line exchangers that are used to rapidly cool the effluent from the steam cracker. 

This is a major factor determining the run length of the cracker. The fouling may be 

caused by the content of aromatic compounds in the feed, especially in feeds such as 

hydrowax, and the tars formed during pyrolysis in the cracking furnace. 

US 2008/0194900 teaches a process for upgrading a naphtha stream by feeding the 

	

15 	stream to a hydrotreater to remove impurities and then passing the stream to an aromatics 

extraction unit to produce a dearomatized naphtha stream. This dearomatized naphtha 

stream is then fed to a cracking process. 

Summary of the Invention  

The invention provides a method for pretreating a hydrocarbon steam cracker feed, 

	

20 	comprising contacting the feed with a solvent to produce a pretreated feed having a 

reduced content of fouling components that cause fouling in the preheat, convection and 

radiant sections of the steam cracker and a rich solvent having an increased content of 

fouling components. 

The invention further provides a method for steam cracking hydrocarbons 

	

25 	comprising: a) feeding a hydrocarbon steam cracker feed to the process; b) pretreating the 

feed by contacting the feed with a solvent to produce a pretreated feed having a reduced 

content of fouling components that cause fouling in the steam cracker and a rich solvent 

having an increased content of fouling components; c) heating the pretreated feed; and d) 

passing the pretreated feed through a steam cracker under cracking conditions to produce 

	

30 	cracked products. 

Brief Description of the Figures  

Figure 1 depicts the coke layer formed in a laboratory scale transfer line exchanger. 
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Detailed Description of the Invention  

The invention provides a steam cracker feed with a higher hydrogen content which 

results in an improved product slate from the steam cracker. The amount of fouling in the 

downstream equipment, especially the transfer line exchangers (TLE) is reduced which 

	

5 	results in longer run times without maintenance shutdowns, and improved heat transfer in 

the exchangers. It is believed that an additional advantage would be that the remaining 

liquid from the extraction can be used to reduce viscosity in the quench oil section. 

The invention provides a method for pretreating a hydrocarbon steam cracker feed. 

The hydrocarbon stream cracker feed comprises one or more hydrocarbons, preferably 

	

10 	paraffinic hydrocarbons. The feedstock may comprise non-paraffinic hydrocarbons such 

as olefins, preferably in quantities of less than 10 wt% based on the total weight of 

hydrocarbons. The feed may additionally comprise a recycle stream from the process. 

In one embodiment, the hydrocarbon steam cracker feed may comprise hydrowax, 

hydrotreated vacuum gasoil, gasoil, slackwax or mixtures thereof. Hydrowax is a 

	

15 	hydrogenated residue produced by hydrocracking of vacuum flashed distillate streams. 

Slackwax is a paraffin stream obtained from a dewaxing unit that is used in the production 

of lubricants and paraffins. 

In another embodiment, the hydrocarbon steam cracker feed may comprise 

pyrolysis oil from plastic waste. This stream has a large concentration of contaminants 

	

20 	making it a very low value stream. 

The hydrocarbon steam cracker feed also comprises fouling components that cause 

fouling in the downstream sections of the steam cracker. This fouling may occur in the 

preheat, convection and/or radiant sections of the cracker or it may form in downstream 

heat exchange and/or separation equipment. These fouling components may include any 

	

25 	component that will cause coking or fouling in the equipment. These fouling components 

may condense in the transfer line exchangers when the products from the steam cracker are 

cooled. Examples of these fouling components include polycyclic aromatics, resins and 

mixtures thereof. 

The hydrocarbon steam cracker feed may also comprise contaminants that cause 

	

30 	issues in the cracked products workup section. These contaminants may include nitrogen, 

vanadium, chlorine, oxygen, sulfur or compounds thereof. These contaminants may also 

be removed from the hydrocarbon steam cracker feed by contact with the solvent. 
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The hydrocarbon steam cracker feed is pretreated by contacting the feed with a 

solvent. The feed may be contacted with the solvent in a vessel, in a conduit or in another 

means known to one of ordinary skill in the art for carrying out a solvent extraction step. 

Examples of suitable solvents for performing the pretreatment include furfural, 

	

5 	sulfolane, toluene, N-formyl morpholine, N-methylpyrrolidone, tetra-ethylene glycol and 

dimethylsulfoxide. 

In one embodiment, the fouling components may be removed from the rich solvent. 

These fouling components may be used in another part of the steam cracker system as a 

quench oil stream. The fouling components may also be used to reduce the viscosity of a 

	

10 	heavy pitch and/or cracked gasoil stream. 

After contacting the hydrocarbon steam cracker feed with the solvent, the 

pretreated feed has a reduced content of fouling components. The pretreated feed has a 

higher hydrogen content than the hydrocarbon steam cracker feed before it is contacted 

with the solvent. The rich solvent has an increased content of fouling components. 

	

15 	After contacting with the solvent, the pretreated feed preferably has 75% or less of 

the amount of fouling components in the hydrocarbon steam cracker feed, more preferably 

60% or less and most preferably 50% or less of the fouling components in the hydrocarbon 

steam cracker feed. 

The pretreated feed is typically preheated. The feed can be heated using heat 

	

20 	exchangers, a furnace or any other combination of heat transfer and/or heating devices. 

The pretreated feedstock is steam cracked in a cracking zone under cracking 

conditions to produce at least olefins and hydrogen. The cracking zone may comprise any 

cracking system known in that art that is suitable for cracking the pretreated feedstock. 

The cracking zone may comprise one or more furnaces, each dedicated for a specific feed 

	

25 	or fraction of the feed. 

The cracking step is performed at elevated temperatures, preferably in the range of 

from 650 to 1000 °C, more preferably of from 750 to 850 °C. Steam is usually added to 

the cracking zone, acting as a diluent to reduce the hydrocarbon partial pressure and 

thereby enhance the olefin yield. Steam also reduces the formation and deposition of 

	

30 	carbonaceous material or coke in the cracking zone. The cracking occurs in the absence of 

oxygen. The residence time at the cracking conditions is very short, typically on the order 

of milliseconds. 
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From the cracker, a cracker effluent is obtained that may comprise aromatics, 

olefins, hydrogen, water, carbon dioxide and other hydrocarbon compounds. The specific 

products obtained depend on the composition of the feed, the hydrocarbon-to-steam ratio, 

and the cracking temperature and furnace residence time. The cracked products from the 

	

5 	steam cracker are then passed through one or more heat exchangers, often referred to as 

TLEs, to rapidly reduce the temperature of the cracked products. The TLE's preferably 

cool the cracked products to a temperature in the range of from 400 to 550 °C. 

Examples 

The following examples were carried out in a bench scale steam cracker unit. A 

	

10 	pump feeds hydrocarbon from a temperature-controlled feed vessel to an evaporator. The 

hydrocarbon stream is mixed with a gaseous inert stream and the mixture is heated to a 

temperature between 380 and 550 ° C. The feed is vaporized at this temperature, and it is 

then fed into a coil/reactor at temperatures typically in the range of from 700 to 850 °C. 

A products stream is removed from the coil/reactor and cooled in a transfer line 

	

15 	exchanger (TLE) from a temperature of about 600 ° C to a temperature of about 300-350 ° 

C. Fouling components condense on the walls of the TLE and may thermally decompose 

into a coke layer. 

The gas stream from the TLE is further cooled to about 40 ° C in a separate quench 

vessel and this stream can then be analyzed. 

	

20 	The thickness of the coke layer on the wall can be calculated by measuring the wall 

thickness of the empty tube and the wall thickness of the fouled tube and subtracting the 

empty tube thickness. 

Examples  

Three examples were carried out by cracking a sample in the equipment described 

	

25 	above. Various characteristics of the sample before it was cracked are shown in Table 1, 

and the coke layer formed in the TLE downstream of the cracker are shown for each 

example in Figure 1. 

In Example 1, a hydrowax was cracked. 

In Example 2, the same hydrowax as in Example 1 was first contacted with furfural 

	

30 	to extract at least a portion of the fouling components and was then cracked. 

In Example 3, the same hydrowax from Example 1 was contacted with furfural to 

extract at least a portion of the fouling components. This extraction step was repeated two 

additional times (for a total of three extractions). This hydrowax was then cracked. 
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Table 1 

Characteristic (as measured at 70 °C) Example 1 Example 2 Example 3 

Density (kg/1) 0.8188 0.815 0.812 

Refractive Index 1.4548 1.4514 1.4500 

Hydrogen content (wt%) 13.82 13.92 14.05 

Sulphur (wt%) 0.003 0.0023 0.0017 
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